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A system of symbolic computation is applied to the calculation ofrather lengthy and cumbersome 
polynomial which is a sum of traces of different matrix products. The polynomial is the essential 
part of a formula for the magnetic susceptibility ofelectrons. The output file of a symbolic 
computation program is included as a Fortran routine into the main program for the calculation 
of the magnetic susceptibility. A numerical test of the routine in comparison with a routine 
made by straightforward programming of the formula for the polynomial was carried out. 
One of the major problems in solid state physics is to determine the energy band structure 
of materials and ultimately, the crystal potential. Recently, it was shown that the steady 
(nonoscillating in the magnetic field) part of the magnetic susceptibility can be used for the 
purpose of spectroscopy, if the Fermi level is near to the band edge. Comparing calculated 
susceptibility to the experiment, one can get information about the energy spectrum par- 
ameters and their change with pressure, temperature and the impurity concentration i
alloys. When n bands near the Fermi level are close together in energy, which is frequently 
the case, a theory for the magnetic susceptibility should be presented in the matrix form 
for correct account of the interband interactions. An expression for the orbital magnetic 
susceptibility of the electrons can be written as (Vorontsov, 1978) 
= 5 -} ,=, .J p az, L 
where m is the electron mass, #s is the Bohr magneton, f is the Fermi function, the 
summation is over the n energy bands and the integration is over the Brillouin zone. In 
the derivation of (1) the Green function G = N/D was used, where N is the matrix of 
cofactors o f (E -  Y )  - ' and D is the determinant ; o~ is the Hamiltonian matrix of dimension 
n, p = OD/aE. Strictly speaking, Et is a function of k~ - -  it is the dispersion law, but in the 
present paper it is not important and we shall consider the polynomial R as a function of 
four independent variables. It can be written in the form 
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Figure brackets mean the preceding expression repeated with the interchange ofx and y. 
The paper deals with the calculation of this polynomial by means of symbolic ompu- 
tation. A domestic system ALGEBRA-0 (Dolgov et al., 1982) was used for the calculation 
of R for model Hamiltonian matrices two by two and four by four. In the first case, the 
Hamiltonian matrix for the second and third conduction bands of aluminum near the 
point W of the Brillouin zone of the reciprocal space was taken as follows (Vorontsov & 
Svechkarev, 1987) 
where 
(; . .  t: ~22/ '  (3) 
J : t l  = Eo + Bk~ + Bk.~ - C~,k~ +B3k, 
,~:22 = Eo + A r - Bvk~ + Bk~ - Bsky 
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where E0, A6, B, B3, BT, Bs, C4, C6, DI are parameters &the energy band model. 
For this model R is the second-order polynomial in k; and fourth-order polynomial in 
E and contains about two hundred terms. After the substitution of numerical values for 
the nine parameters the polynomial becomes a sum of only twenty terms. 
For the four-band model which is realistic enough (Coleridge, 1982) to describe metal 
behaviour inaluminum, the Hamiltonian matrix (Ashcroft, 1963) can be written in the form 
of k .  ~ expansion (Luttinger & Kohn, 1955) at the point W of the Brillouin zone. This 
can be done applying quite simple unitary transformation so that in the representation f 
the k. ~ wave functions the Hamiltonian matrix is as follows 
Aik, Bk2+E~ -A2ky -Aik.,. 
= -A lkx  -A2ky Bk2+E3 Alk.. ' (4) 
-Azk .  -A  lk,. A lk.~ BkZ+Ez 
where k z = k~ + k~ + k~ ; A~, A 2, B, E z, Ez, E3 are parameters of the energy spectrum. 
Now R is the sixth-order polynomial in E and 12th-order polynomial in kt and contains 
2188 terms. After the substitution of numerical values for the six parameters it reduces to 
a sum of 245 terms. 
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The program for computing R is organized in such a way that the only input is ~ matrix 
of orbitrary dimension. The output is R. This structure of the program is quite convenient 
because it is necessary to calculate R at least three times for three different input matrices 
and the resulting polinomial is the sum of these three. For simplicity the magnetic field is 
always assumed to be in z direction for a particular piece of the Fermi surface, but due 
to the cubic symmetry that piece is repeated in the Brillouin zone with the orientation 
of the magnetic field in x and y directions. To handle that it is enough to perform 
correspondent interchange of the spatial variables in the Hamiltonian matrix. 
The output file containing the polynomial can be easily converted into a Fortran routine 
which is used further in the numerical integration over the Brillouin zone in accordance 
to the formula (1). 
For the four-band model and just one orientation of the magnetic field a comparative 
computation of R by the above-mentioned routine and the routine written by means of 
ordinary Fortran programming was performed. Numerical calculations were done for 
uniformly distributed values of E, k,., ky and k:. The results coincide up to first five figures. 
It should be pointed out that, for n/> 4, the programming in an ordinary way is extremely 
labour consuming from what can be judged by looking at the expression (2). More to it, 
following this way, the whole programming must be performed anew for different 
orientations of the magnetic field, which is just not worth doing. Use of symbolic 
computation does not save much computer time but what is more important is that it saves 
much time and effort, providing also a self check (if we change k: to -k~ the result for 
R should not change since the susceptibility does not depend on whether the magnetic field 
is in z or - z  direction). Symbolic computation can be of interest for the calculation of 
the isotropic part of the Knight shift (the shift of the resonant frequency of the nuclear 
magnetic resonance). The change in the Knight shift under the effect of pressure, 
temperature or impurity has primarily band origin and the correspondent theory leads 
to an expression (Vorontsov & Dolgopolov, 1979) which has a structure similar to the 
formula (1) for the magnetic susceptibility. 
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